[10191/2011] 


COMPACT SPARK PLUG AND METHOD FOR ITS PRODUCTION 
Field Of The Invention 

The present invention relates to a spark plug which includes a partially cylindrical insulator 
element and a housing which surrounds the insulator element. The present invention also 
relates to a corresponding method of production. The insulator element typically includes a 
ceramic material. In contrast, the housing is made of metal. 

Background Information 

Various methods are known for connecting the insulator element and the housing. Basically, 
these can be divided into hot assembly and cold assembly. In hpiassenibly, the insulator is 
inserted into the housing. The insulator is then pensioned in the axial direction by 
reshaping an inwardly curved flange on the housing. The final pretension in the axial 
direction is achieved through a shrink fit process. During the shrink fit process, a shrinkage 
recess which surrounds the housing circumferentially is inductively heated to approximately 
1050°C by a current pulse. As the shrinkage recess cools, the material in the region of the 
shrinkage recess shrinks. The housing is thus essentially secured on a projection of the 
insulator element by axial forces. At the same time, the housing is axially friction-locked 
between two shoulders of the insulator. 

In cold assembly, a talcum powder packet is inserted between the flange, which is not yet 
c^ancTthe insulator element. Subsequently, the talcum powder packet is compressed by 
the reshaping process of the flange. In cold assembly as well, the insulator element must have 
a projection on which the inwardly curved flange is secured. 

The known spark plugs do have connections which have high mechanical strength and are 
gas-tight, but they require a comparatively costly reshaping process J 


Summary Of The Invention 

An object of the present invention is the provision of a spark plug having a simple 
construction and a corresponding method of production, with the spark plug particularly 
being more compact than spark plugs, produced with typical methods of production, having 
5 similar or identical operating characteristics, e.g., with regard to thermal conductivity and 
with regard to electrical characteristics. 

The present invention is based on the consideration that reshaping is only possible if the 
housing has a significantly larger diameter than the insulator element at the reshaping 
10 position. In addition, a peripheral projection of the insulator element in the region of the 
reshaping position must secure the housing. 

1 In the spark plug according to the present invention, the insulator^element^id the housing are 

f connected to one another by^Uei^aterialtond and/or one friction-^ connection 

15 W aligned in the radial directio^Tr^nater^ soldered or welded 

T connection and the radialjiction-lockjs a shrink fit connection. 

1 This connection forms at least a significant portion of the cohesion of the housing and the 
| insulator element. If the material bond and/or the friction-lock connection aligned in the 
20^ radial direction absorb a part, e.g., approximately half, of the forces which act between 

housing and insulator element, reshaping can be reduced or even avoided completely, because 
the cohesion of insulator element and housing is achieved in another way. In addition, the 
peripheral projection on the insulator element can be designed smaller or even be dispensed 
with completely. If the other properties are unchanged, the spark plugs according to the 
25 present invention are more compact than comparable typical spark plugs, because the - 
diameter of the housing selected^be^gefTSpark plugs according to the present 
invention have smaller internal thread diameters and smaller screw-in devices than known 
spark plugs having the same thermal value. For example, the outer diameter of the internal 
thread can be reduced from M14 to M12. Spark plugs produced until now with M8 threads 
30 can now be produced with M6 threads. 
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In a refinement of the spark plug according to the present invention, the diameter of the 
insulator core remains approximately the same or increases as the distance to the free end of 
the base part of the insulator (referred to in short in the following as base part) mcreases m 
the entire region surrounded by the housing. For example, the insulator core tapers m a 
stepped shape toward the free end of the base part. In other words, the insulator core does not 
have a projection in the region of the housing used to secure the housing and is therefore 
compact than comparable known insulator elements. 
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In a subsequent refinement, the inner diameter of the housing in the region of the connects 
remains approximately the same or increases as the distance to the free end of the base part 
increases. In other words, the housing no longer has an edge which is curved inward. Tins 
allows the use of a housing with a smaller diameter, because reshaping of the edge is no 

longer necessary. 

In a subsequent refinement, the diameter of the insulator element at the end further from the 
base part in the region adjoining the region surrounded by the housing is approximately equal 
to the largest diameter of the insulator core in the surrounded region. The insulator element * 
preferably cylindrical both inside a section of the housing and outside the housing, ,e., it bay i 
a uniform diameter. The fewer the projections and constrictions that are located on the ^ 
insulator element, the more crack resistant it is. J 

In a subsequent refinement, the housing has at least one tubular section in which the diameter 
of the insulator core is only slightly smaller than the inner diameter of the housmg lymg at 
the same distance to the free end of the base part. The connection lies along the circumference 
of the insulator element in the gap between insulator element and housing. In this refinement, 
the connection has a double function, because it is used both for connecting insulator element 
and housing and for sealing the combustion chamber in which the spark plug is to be mserted. 

The tubular section lies close to the base part and/or further from the base part. If the section 
is close to the base part, it is subjected to greater mechanical load and higher temperatures. 
On the other hand, the insulator element is thin near the base part, so that the circumference « 


smaller than further away from the base part. If the connection also seals the combusUon 
chamber gas-tight, the combustion chamber is enlarged only insignificantly if the connect™ 
is near the free end of the base part. If the connection is at a greater distance from the free end 
of the base part, for example at the end of the housing further from the base part, the 
m echanical loads and the temperature effect are less. The connection will not be loaded as 
strongly during operation of the spark plug. If the connection is in multiple zones, the 
disadvantages of one position can be avoided by the advantages of the other posmon. 

In embodiments, the connection is a soldered connection, e.g., a hard soldered connection, an 
active soldered connection, a welded connection, and/or an adhesive connecUon. For the 
welded connection, the known welding methods are used, e.g., friction welding or gas fusxon 
welding. Reactive adhesives, whose components react during curing, are, for example, used 
as the adhesive for the adhesive connection. However, hard-setting adhesive matenals whose 
components do not react during curing are, for example, also used. 

In an alternative refinement, the housing contains at least one tubular section in which the 
diame^f^sulator element is slightly larger than the inner diameter of the housmg, 
when the insulator element is not in place, lying at the same distance to the free end of the 
base part. Therefore, this is a compression connection, for example a longitudmal 
compression connection or a transverse compression connection. During the products of the 
transverse compression connection, for example, the housing is heated. Subsequently, the 
insulator core is inserted into the expanded housing. As the housing cools, it shnnks and 
tightly surrounds the insulator element. 

to a refinement of the spark plug aecording to the present invention, insulator element and 
housing are connected with one another using an interlayer which was produced before 
housing and insulator were connected. The interlayer is produced from a material wmch .s 
capable of being connected well on one side with the ceramic and on the other side with the 
meta! of the housing. The interlayer can. for example, be formed by a thin sh«. steel sleeve. 
However, interlayer* made of other materials, e.g., plastic or glass melt, are also used. The 
interlayer is applied or attached to the insulator element. Thus, interlayers can be deposed 
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directly on the insulator element. The interlayer is attached to the housing using a materia! 
bond and/or a friction-lock connection. 

If in an embodiment, the interlayer also extends into regions which lie outside the connection 
region, the interlayer can be attached better to the insulator, because the connection surface 
between the insulator and the interlayer is larger. 


In a refinement, there is a gap between the housing and the interlayer in the region of the 
section lying closer to the base par,. In the region of a section lying further away from the 
base par, than this section, the interlayer is connected with the housing. In the sec,,on lytng 
further away, the interlayer can also be connected with the insulator. However, m an 
° alternative, there is a gap between interlayer and insulator in the section lying further away, 
i m this refinement a small peripheral ring of ,he interlayer is exposed in the gap between the 
| insulator and housing. The ring-shaped section forms a kind of membrane which absorbs 
lfj mechanical loads. 

h ,„ refinements of the spark plug, the insulator element includes ceramic. The surface of the 
S cenuuic is treated in the region of the connection in such a way that the load capacity of the 

% ejection « R °»8 tata « ° f * " 

2{f suitable methods. 

pri»f rvscri ption O f The Drawings 

Figure 1 A is a first illustration of a compact spark plug with a damping resistor made of a 
solidified glass melt. 

25 . 

Figure IB is a second illustration of the compact spark plug shown in Figure 1 A. 

Figure 2A is a first illustration of a compact spark plug without a damping resistor. 

30 Figure 2B is a second illustration of the compact spark plug shown in Figure 2A. 
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Figure 3 A is a first illustration of a compact spark plug with a nondestructive^ replaceable 
damping resistor. 


Figure 3B is a second illustration of the compact spark plug shown in Figure 3B. 
Detailed Description 

Figure 1A shows a compact spark plug 10 in a partial section view. Spark plug 10 includes a 
cylindrical insulator 12 which tapers at its end toward an insulator base 14. Insulator 12 is 
penetrated along its longitudinal axis 16 by a through hole 18, whose diameter in the region 
of a central electrode 20 is somewhat smaller than along the rest of insulator 12. The half of 
insulator 12 containing insulator base 14 is almost completely surrounded by a housing 22. 
Viewed from insulator base 14 outward, housing 22 includes, in this sequence, a ground 
electrode 24, a threaded sleeve 26 having, for example, M14 external thread 28, a peripheral 
groove 30 for a sealing ring which provides a seal in the conical seal seat, a central part 32, 
and a double hex insertion nut 34. Housing 22 is screwed into an engine block of the vehicle 
and is connected with the ground electrode. Insulator 12, which is made of ceramic, insulates 
housing 22 and central electrode 20 as well as further elements for current conduction located 
in through hole 18. 

In through hole 18 there are, in sequence from central electrode 20 to a terminal stud 36 
screwed onto insulator 12 for connection of an ignition cable, an electrically conducting 
contact 38, a glass melt 40, which forms a damping resistor, an electrically conducting 
contact 42, and an electrode 44. Electrode 44 tapers toward insulator base 14 and forms a 
section 46 having a somewhat smaller diameter than the main part of electrode 44. 


Housing 22 is connected 16 insulator 10 by a welded connection 48. Welded connection 48 
extends longitudinally Vintotiu^aded^eve 26 from the end of housing 22 further from the 
base part. Welded connection 48 extends completely around the circumference lying 
transverse to the longitudinal direction. A gap bet^er^nsertion nut 34 and insulator 12 is 
completely closed by welded connection 48. A gap forme>between the end of threaded 


V) 

^ S ^ sleeve 26 further from"*^^^^ <*> sed b * Welded 

connection 48. 

Figure IB shows a connection 48b, in which a housing 22b, constructed like housing 22, of a 
5 spark plug 10b having an insulator 12b is only welded in a region 50 which extends along the 
half of a threaded sleeve 26b further from the base part. Region 50 extends, for example, 10 = 
10 mm in the longitudinal direction, i.e. in the direction of a longitudinal axis 16b of insulator 
12b. Welded connection 48b extends along the lateral surface of insulator 12b in region 50. 
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In the region of a insertion nut 34b constructed like insertion nut 34, a peripheral gap 52 
between insulator 12b and insertion nut 34b. Otherwise, spark plug 10b is 


remains 
constructed like spark plug 10 


Due to welded connection 48 or 48b, spark plug 10 can be rnadev ery compac tTThe largest 
diameter D of insulator 12 is, for example, 10.4 mm. Diameter D remains constant in the 
main part of insulator 12 and therefore essentially determines the overall space for the 
installation of spark plug 10. Insertion nut 34 is implemented as a double hex nut, e.g., for a 
width 14 across flats. This is only possible because insulator 12 has no projections in the 
region of insertion nut 34. 

In other exemplary embodiments, an interlayer is used, in place of welded connection 48 or 
48b, which is welded or soldered onto insulator 12 or 12b and onto housing 22 or 22b. The 
welded or soldered connections, respectively, between the interlayer and insulator 12 and 
between the interlayer and housing 22 are in the region of central part 32 and threaded sleeve 
26 and in the region of insertion nut 34. Alternatively, there are connections between the 
interlayer and insulator 12b both in the region of threaded sleeve 26b and in the region of 
insertion nut 34b. In the alternative, a connection exists between the interlayer and housing 
22b only in the region of threaded sleeve 26b. A gap remains between the interlayer and 
insertion nut 34b in the region of insertion nut 34b. 
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• 2 A shows, in a partial section view, a compact spark plug 10c which has no dampmg 
re sis.oT7uitio^me„ts shown in Figure 2A which are constructed essentially like those 
described with refe^-F-igure 1 A have the same reference numbers in Figure 2A bu, are 
suffixed with the lowercase ,e,i^r>~icular,y applies to reference numbers 12. to 36c. 
Central electrode 20c has a diameter in ^irqjar, which is smaller than the diameter of 
centra! electrode 20. This allows me diameter of teShgbMe 18c and outer diameter Dc of 
insulator ,0c to be reduced. Central electrode 20c is coated^ahard solder paste and then 
inserted throng hole ,8c into insulator 12c. A contact pin ,00, m^oUor example, abrass 
aUoy, is inserted into through hole 18c. When terminal stud 36c is screw^ontact pm 
is compressed and buckles at multiple buckling positions. 

Central electrode 20c is secured by co\pin 100. Insulator 10 is then transported through a 
high vacuum tanace a, a temperature of a\gnitude between 600°C and 900°C, for example 
800°C The hard solder paste melts and connecWral electrode 20c firmly and 
permar.en.ly with insulator 12c. This connection iW gas-tigb, The hard solder paste ,s, for 
example, applied in the region of a shoulder 102, a. wtoh the inner diameter of through hole 
,8c decrease, Ahernatively, centra, electrode 20c can boated almost completely with hard 
solder paste, so that cenfral electrode 20c and insulator !0c\=also connected in the regton of 
insulator base 14c. 

, ne^is an interlayer 104 on insulator 10c which is less than, for example, 1 mm thick. 
mtertSwtis connected^nsulatorJOcvia, for example, a hard soWered connect™, m 


the region of aVjOo^insulator 10c, whic^is approximately, e.g„ 11 - 12 mm long. At 
the end of step 106 iife^hrta^SCinterlayer 104 conforms to the shape of 
insulator ,0c, which widensWtion ,08, however, interlayer ,04 forms a tubular secUon 
having a larger inner diameter thanouter^diameter Dc of insulator 10c. Thus, there is a gap 
„0 in the region of section 108 between inWer 104 and insulator 10c. In sectton 108, 
interlayer 104 is connected on its outer side wirhir^inner side of insertion nut 34c, for 
example by a soldered or welded connection. In the re W step 106, the outer side of 
interlayer 104 is not connected with housing 22c, so that inV'«<>° '»»" hes beWMn 
interlayer 104 and housing 22c. 


D U housine 22c as spark plug 10c is screweamcwuiv/ 

Housings h r v^Sf-nhrtween step 106 and section 108. 

V Interlayer 104 absorbs these forces in the transition re>o^een step 

dlf ere n cesonl yl nthere gl onofaninterla y erl04d, whichis usedmpiaceof mterlayer 104. 
Layer 

regi onU 2) interla y erl04d widens conically in correspondence with the shape of —r 

v ^112aswellasinanadjacentsectionll4,theinnersideofmterlayer 
12d. In transition region 1 12, as wen as in m j 
,„ ^isa.soconnected-i-a.or^d.forexamp.ewi.h.heaidofasolde.dorweMed 


connection. 


IS*: 
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Th e„ u ,e, si deof i n«rlayer 1 04 d isexpos e d toteKg io n ofs,ep.0«d, S oa 1 a,a g apn0d 1S 
fom edbe We e„ i nter 1 a y e,.04da„dhou stag 22d.Theou K r S id e o f i„«e I .ayer.04d 1 s 
c o m ec«cd t oh„us ing 22d i n,he re ^ofsec t io„H4,f OT e X a m p,eb yS o 1 deH„ g o I we 1 d,„ g . 

The connection has a length of. e.g., 12 - 8 nun along a longitudina! ax* 16d. 

cam o,be directly trans.,** to insulator Wdduetogap U0d. The force lines first nm tnto 
ho„sin g 22da„donl y e»,eri ffi u.a,orcorel2dinsec,ion, 1 4.Theforcesare,however, 

already less at this point than in the region of groove 30d. 

seatagseathe^eendteengineblockandacenu., parted. Otherwise. sparkpluglOdts 
25 constructed like spark plug 10c. 

Figure 3A shows apartial section view of a compact spark plug ,C* which is construed 

30 reference to Figure 2A. 
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Central electrode 20e is again inserted first into through hole 18e. Subsequently, a replaceable 
damping resistor 120 is inserted, which has a shape resembling a known fuse. Only then is a 
contact pin 122 inserted, which buckles at multiple buckling positions as terminal stud 36e is 
screwed in. Insulator 12e, which was screwed on in this way, is in turn heated to 
approximately 800°C, with a soldering paste applied to central electrode 20e melting and 
central electrode 20e connecting with insulator 1 2e. 

An interlayer 124 corresponds to interlayer 104 in its design, function, and type of attachment 
to insulator 1 2e and housing 22e, see Figure 2A. 

Figure 3B shows a part of a spark plug lOf, which is designed like spark plug lOe, see Figure 
3A. An interlayer 126f is soldered onto insulator 12f of spark plug lOf in a section 130. 
Section 130 lies within threaded sleeve 26f. The inner diameter of interlayer 126f and the 
diameter of insulator 12f increase uniformly within a transition section 132. In the region of a 
section 134 lying within insertion nut 34f, the inner diameter of the sleeve formed by 
interlayer 126f remains constant. The diameter of insulator 12f also remains constant within 
section 134. In section 134, interlayer 126f is soldered to both insulator 12f and housing 22f. 
In contrast, in the region of section 130 and in the region of transition section 132, a gap 136 
lies between housing 22f and insulator 1 2f. 
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